To study the genesis of the systolic murmur of idiopathic hypertrophic subaortic stenosis (IHSS), phonocardiograms, echocardiograms, and pulsed Doppler echocardiography were done in U patients with IHSS. Seven had marked systolic anterior motion of the mitral valve (SAM) at rest (group 1); four had small SAM at rest but marked SAM was noted after amyl nitrite inhalation, (group 2). In all group 1 patients, marked turbulence was present during systole in the left ventricular outflow tract (LVOT). A lesser degree of turbulence was present in systole in the left atrium in six of he hemodynamic features of idiopathic hyperTtmphic subaortic stenosis (IHSS) and the dynamic nature of the left ventricular outflow tract (LVOT) obstruction in this condition have been extensively studied.'-3 The presence of mitral regurgitation in patients with IHSS is also well documented.'-'' However, little information is available regarding the genesis ofthe systolic murmur of IHSS. This investigation was designed to study the factors responsible for the systolic murmur of IHSS, using phonocardiography, echocardiography, and pulsed Doppler ultrasound.
he hemodynamic features of idiopathic hyperTtmphic subaortic stenosis (IHSS) and the dynamic nature of the left ventricular outflow tract (LVOT) obstruction in this condition have been extensively studied.'-3 The presence of mitral regurgitation in patients with IHSS is also well documented.'-'' However, little information is available regarding the genesis ofthe systolic murmur of IHSS. This investigation was designed to study the factors responsible for the systolic murmur of IHSS, using phonocardiography, echocardiography, and pulsed Doppler ultrasound.
Eleven men with IHSS whose ages ranged from 46 to 67 years comprised the study group. They all had asymmetric septal hypertrophy with the interventricular septal thickness ranging from 1.7 to 2.7 cm. and all had septal to posterior wall ratios of >1.5. Seven (group 1) had severe systolic anterior motion of the mitral valve (SAM) as defined by Gilbert and associates," with anterior leafletseptal contact of 30 percent or more of echocardiographic systole (from C point of mitral valve to maximal point of posterior wall anterior motion). One of these patients underwent septal myectomy because he had symptoms unresponsive to medical management, and studies were performed before and after surgery. Four patients (group 2) had mild SAM at rest, as defined by anterior mitral leafletseptal distance of greater than 10 mm." Moderate SAM was defined (Gilbert's criteria) as the presence of SAM-septa1 separation of 10 mm or less, or brief SAM septal contact (less than 30 percent of echocardiogra~hic systole). M-mode echocardiography was performed using standard methods. A phonocardiogram was performed simultaneously with the echocardiogram. seven patients. The turbulence in the LVOT and left atrium was increased by amyl nitrite, and decreased by handgrip In group 2 patients, mild turbulence was present in the LVOT at rest, but none was noted in the left atrium. Amy1 nitrite increased turbulence in the LVOT, and turbulence in the left atrium was noted in two patients. We conclude that the murmur of IHSS in patients with marked SAM is due to a composite of turbulence in the LVOT and mitral regurgitation, whereas when only mild SAM is present, the murmur originates in the left ventricular outflow tract.
The Doppler examinations in this study were performed using a commercially available Doppler echocardiographic unit (Mark I1 Pulsed). A 3.5 MHz Doppler transducer with a 5 cm focus was used. The studies were recorded on a Visicorder. The strip chart readout contained the following information: (1) a standard M-mode display with a superimposed sample volume depth indicator; (2) a spectral display of the Doppler signal; and (3) a one-lead ECG.
The pulsed Doppler examination was performed in the same manner as the standard M-mode study. By using the M-mode display and the variable control depth indicator, sample volumes were analyzed from the right ventricular outflow tract, aortic root, left ventricular outflow tract, and left atrium. The Doppler threshold and gain controls were adjusted to obtain an optimal signal to noise ratio. The sample volume was in the shape of a tear drop and was approximately 2 x 4 mm. With this equipment, the spectral readout of a sample volume in an area of normal or laminar blood flow was displayed as a line composed of closely compact dots. When the sample volume was obtained from an area of turbulent blood flow, the dots comprising the spectral signal were widely dispersed.13The simultaneously recorded ECG provided timing of the turbulence within the cardiac cycle. The equipment also produced an audio signal which aided in locating the areas of greatest turbulence. After the control studies were done, the echocardiogram, phonocardiogram, and the pulsed Doppler ultrasound study were repeated following the inhalation of amyl nitrite, and during maximum hand grip exercise.
The results are summarized in Table 1 . The ratio of the thickness of the interventricular septum to left ventricular posterior wall (IVSIPW) ranged from 1.7 to 2.8 (mean=2.3) in group 1 patients, and 1.6 to 2.1 (mean = 1.8) in group 2 patients. An illustrative echocardiogram with a simultaneously recorded phonocardiogram is shown in Figure 1 . Asymmetric septal hypertrophy with marked systolic anterior motion of the mitral valve and SAM-septa1 contact are seen. Although the systolic murmur starts before SAM- septal contact occurs, the maximum intensity of the murmur is during the period of SAM-septa1 contact. This feature of the maximum intensity of the murmur occurring during the period the mitral valve abutted against the septum was noted in all group 1 patients. In group 2 patients, a short systolic murmur was present at rest, and the murmur had no specific relationship to the mild systolic anterior motion of the mitral valve at rest. Two patients in this group developed severe SAM after amyl nitrite inhalation, and at the time the intensity of the murmur was maximal during the period of SAM-septa1 contact.
Pulsed Doppler Ultrasound Examination
All group 1 patients had marked turbulence in the left ventricular outflow tract at rest. An illustrative example is shown in Figure 2 . Marked scattering of dots indicative of turbulent blood flow is present during systole, whereas in diastole the dots are tightly packed. In contrast, in normal subjects (Fig 3) , there is anterior displacement of the Doppler curve during systole indicating forward flow in the left ventricular outflow tract (LVOT), but the dots are tightly packed at any given point in time. Handgrip reduced turbulence in the outflow tract in group 1 patients, but there was little change in group 2 patients. The turbulence in the LVOT increased after amyl nitrite inhalation in group 1 and group 2 patients. Turbulence behind the anterior mitral leaflet (ie, in the left atrium) indicative of mitral regurgitation was present in six of seven patients in group 1. Cardiac catheterization was performed in one of these patients, and mitral regurgitation was noted on the left ventricular angiogram. A Doppler ultrasound record illustrating mitral regurgitation is depicted in Figure 4 . The sample volume has been placed behind the anterior mitral leaflet, and marked dispersion of dots is present in systole indicative of mitral regurgitation. In contrast in a normal subject (Fig 5) , no turbulence is noted behind the anterior mitral leaflet. The turbulence behind the anterior leaflet in group 1 decreased or disappeared with handgrip and increased with amyl nitrite. The patient who underwent septal myectomy had turbulence in the LVOT and behind the anterior mitral leaflet preoperatively, while the postoperative study showed mild turbulence in LVOT, but no turbulence behind the anterior mitral leaflet. This patient had marked SAM at rest preoperatively, while only mild SAM at rest was noted after operation. None of the patients in group 2 had turbulence behind the anterior leaflet at rest, but turbulence was noted after amyl nitrite in two patients. None of our patients had turbulence in the right ventricular outflow tract.
A systolic murmur which is best heard by the apex or the left sternal border is an auscultatory hallmark of IHSS.H,9 Left ventricular outflow tract obstruction may occur in this entity, due to narrowing of the outflow tract by septal hypertrophy and systolic anterior motion of the mitral valve. ass~ciates'~ used an intracardiac phonocatheter in a Although left ventricular outflow tract obstruction or patient and showed that the murmur originated near mitral regurgitation could account for the genesis of the lower end of the hypertrophic obstruction in the the murmur of IHSS, conclusive evidence is confined left ventricular outflow tract. Criley and his co-workto studies conducted on one or two patients using intracardiac phonocatheter) which was maximal in the outflow tract at a time when there was no pressure gradient, thus demonstrating that an outflow tract murmur may be present in the absence of obstruction.
We observed that all the patients with systolic anterior motion of the mitral valve and SAM-septa1 contact of 30 percent of echocardiographic systole at rest (group 1) had marked turbulence in the left ventricular outflow tract, and a lesser degree of turbulence was present in the left atrium in six of seven patients, indicating the presence of mitral regurgitation. Gilbert and associatesu observed that those who have severe SAM as defined by SAM-septal contact of greater than 30 percent enchocardiographic systole had gradients across the left ventricular outflow tract at rest, and Wigle's group noted mitral regurgitation in all patients with resting obstructi~n.~ Thus, our group 1 patients probably had outflow tract gradients at rest, and six had evidence of mitral regurgitation on the Doppler study. It is conceivable that the seventh patient had a mild degree of mitral regurgitation which was not detected by the Doppler examination. The systolic murmur of group 1 patients was probably caused by a combination of turbulence in the left ventricular outflow tract and mitral regurgitation. The findings of Glasgow and associates" also support our observations. Judging from both the audio signal and the spectral readout, the turbulence in the outflow tract was greater than that in the left atrium. In the patient who had septal myectomy, turbulence was present in the LVOT but not in the left atrium postoperatively, indicating that the soft systolic murmur which was heard after operation was probably solely due to turbulent flow in the LVOT. Thus, the patient had relief or mitral regurgitation after septal myectomy, a finding that has been observed by previous workers.
Gilbert and co-workers observed that patients with mild or moderate SAM had no left ventricular outflow tract gradients at r e~t .~T h u s , it is likely that our group 2 patients had no resting outflow tract gradient. In spite of this, turbulence in the outflow tract was noted in all four patients. However, none had turbulence in the left atrium, indicating that they did not have mitral regurgitation.
Wigle's group showed that the degree of mitral regurgitation varied directly with the severity of outflow tract obstru~tion.~ Whalen and co-workers7 described a patient with no outflow tract gradient or mitral regurgitation at rest who developed a gradient and mitral regurgitation following isoproterenol infusion. The increase in turbulence in the left ventricular outflow tract and the left atrium after amyl nitrite inhalation, and its decrease after handgrip reflect the dynamic nature of the outflow obstruction and mitral regurgitation.
CHEST 1 83 1 4 1 April, 1983 [j41 In summary, the systolic murmur of IHSS in patients with left ventricular outflow tract obstruction at rest is due to a composite of turbulence in the outflow tract and mitral regurgitation. In those without resting outflow obstruction, the murmur is due to turbulence in the outflow tract. The changes in flow characteristics following vasoactive maneuvers reflect the dynamic nature of the outflow obstruction and mitral regurgitation.
